The paper presents the effect of Desluding/adsorption ratios on the recovery of low pour fuel oil (LPFO) from spent engine oil. Two major processes, desludging and adsorption processes were used to recycle the spent engine oil. Concentrated sulfuric acid was used as the reagent to effect the desludging operation while activated clay was used as the adsorbent in the adsorption operation. The result shows that the efficiency of the recycling operation depends on the reagent ratio used (Desludging and adsorption ratios) and increases with the ratios. However, desludging ratio of 20:1 and an adsorption ratio of 10:1 gave the best recovery of 82.9%. Also the specific gravity, APL gravity, pour point, flash point and Viscosity Index of the recycled oil is lower than the fresh and the spent oil. __________________________________________________________________________________________ Keywords: desludging ratio, adsorption ratio, low pour fuel oil, engine oil, recovery __________________________________________________________________________________________ I TRODUCTIO This project is a walk to wealth scheme for addressing environmental pollution. It would serve as a ready source for LPFO for the purpose of firing kilns, furnaces and other fuel combusting production lines.
Low pour fuel oil (LPFO) are finely balanced combination of highly refined petroleum oils, made up chiefly of high molecular weight hydrocarbons obtained from the residual fraction of a crude oil distillation unit. Their intrinsic properties, lubricity, viscosity index, chemical and physical stability, make them a very good choice as base stock for lubricating oil production, these properties are frequently fortified by blending with additives. Lubrication oils play a dual role of heat transfer and that of friction reduction that reduces heat generated in internal combustion engine. During usage, lubricating oils undergo changes termed degradation and contamination which render them ineffective for further application.
Degradation involves changes in the desired viscometic properties of oil as a result of alteration in the lubricating oil molecular structure caused by cracking, summarization and polymerization reactions prompted by high temperatures in the running engine. The overall effect of these degradation is the formation of low molecular weight compounds and oxidation products which include polymerized or condensed molecules called gum and sludge. In addition to the degradation, lubricating oils are contaminated during usage as a result of substances such as carbon particles, dusts, dirt and such find their way into the lubricating oil circulatory system. Some major recycling processes in use include; setting centrifuge system, acid-clay process, Philips refined oil process, fixed bed sand filtration process to produce relatively clean oil, Umesi, (1995) . Limitations of the activated sand filtration processes arises from the fact that the process incorporates only physical separation of contaminants by filtration, as such there is usually no appreciable change in the color of the used oil. This should be expected because most of the chemical properties remain relatively unaltered by physical separation. This necessitates the adopt of a different process route to improve and also enhance the chemical properties of the recycled oil. In the recycling process, a number of stages are possible depending on the original source of the used oil, the level of contamination, and the sophistication of the technology utilized, Emmerson, (1980) . Studies on the ageing characteristics of automotive oils Ofunne et al (1989) , recycling of used engine oil Umesi (1995) theological properties of used engine oil Ofodu and Anosike (2003) , and the regeneration of used engine oil Mohammed et al (2004) , Mcbain (1982) have been reported. This paper presents the effect of Deslydging/adsorption ratios on the recovery of low pour fuel oil (LPFO) from spent engine oil.
MATERIALS A D METHODS
Spent engine oil from automobile workshops within Port Harcourt metropolis, 98% concentrated sulfuric acid, beakers of different sizes, electric stirrer electric heater, volumetric flask, funnel, weighing balance and kaolin (Al 2 O 3 ,2SiO 2 .2H 2 O) clay (activated) were the materials employed.
Desludging
The lubricating oil undergoes degradation during usage leader of the formation of oxidation/organic acid, unsaturated, condensed aromatics and mercaptans, asphaltenes and petroleum resins. The removal of these compounds is known as desludging and is accomplished with suplhuric acid (H 2 SO 4 ). Suphuric acid is a poly functional mineral acid which can act both as a sulphonating and an oxidizing agent. Also it can act as a catalyst for some polymerization reaction of unsaturated hydrocarbons hence treatment of the spent oil with sulphuric acid results in suplhonation/oxidation of the degradation products. 90g of spent engine oil was weighed in a 250ml beaker. 30g of concentrated sulfuric acid (98%) was weighed and mixed with the spent engine oil to give a Desludging ratio of 3:1. The mixture was then heated with continuous stirring to a temperature between 50 to 60 0 C for about 30 minutes. The mixture was then allowed to cool. After about 3 hours, the oil (top layer) was decanted, leaving the sludge. Both the oil and sludge were weighed and tabulated. The same procedure was repeated from other desludging ratios.
Chemisorption
The desludged oil was heated to 100 0 C in a 500ml flack. Activated Kaolin clay was added to the heated oil in the ratio 5:1 by weight. A rapid effervescence and foaming occurred. Heating and stirring were continued for about 45 minutes during which there was no visible effervescence, marking completion of the reaction. The reaction contents were allowed to cool and to separate into two phases: a reddish yellow top layer, and the solid adsorbent laden with the blackish contaminants at the bottom. The oil was decanted and later filtered with a filter paper in a glass funnel. This procedure was decanted and other oils obtained from the different desluding ratios and subjected to the various adsorbent ratios.
The procedure was varied for given weights of desludged oil, the weight of adsorbent was varied to yield different adsorption ratios. The recovered oils were weighed and tabulated. All experiments were conducted at the Unit Operations Laboratory of the Department of Chemical Enginnering, University of Port Harcourt, Nigeria.
Investigation on Adsorption Ratio
In a different experimental set-up, the desludging operation was carried out for a desludging ratio of 20:1. Three sample search of 30g was withdrawn from the desludged oil and using adsorption ratios 3:1, 5:1 and 10:1 chemisorptions operation was carried out on the 3 different samples. The recovered oils were weighed and tabulated.
RESULTS A D DISCUSSIO
The results of the desludging operation are presented in table 1 while those of the adsorption operation are  given in table 2, table 3 compares the yield of the recycled oil obtained from the different adsorption ratios. The results of the tests carried out on the recycled oil are displayed in table 4 and 5, while table 6 compares the properties of the recycled oil to that of those of the fresh and the spend engine oils. 
DISCUSSIO OF RESULTS
Two major steps were employed in the regeneration of the automobile engine oil. They include desluding adsorption operations. In the desludging step most of the oxidation/degradation products were remove. This was accomplished with the use of the sulfuric acid which proved very effective because of its polyfunctional nature.
Effect of Decludging Ratio on Yield
The dislodging temperature was 60 0 C to avoid the adverse effect of sulfuric acid oxidation of the oil at higher temperatures. However, at such low temperature the desludging reaction is slow. Hence sufficient time and rigorous agitation was employed to enable the reaction reach completion. Different oil/acid mass ratios (Desludging ratio) were used. As showed in table 1, a yield of 83.7% was obtained for a ratio of 3:1, 88.40% for a ratio of 5:1 and 89.40%a ratio of 19:1 this shows that the higher the ratio, the higher the recovery.
Effect of Desludging and Adsorption Ratios on Yield
In the Chemisorptions step, the remaining contaminants were removed by adsorption using activated clay as the adsorbing agent. To enhance adsorption, fine particles of the adsorbent were used coupled with vigorous stirring. Sufficient time was used so as to allow the adsorption reach completion (equilibrium). The oil from the adsorption stage was clear enough.
The adsorption ratio was kept constant at 5:1 and the desludging ratio varied to obtained different yields, the result presented in table 2. This table shows a yield of 59.1% for a ratio of 3:1, 59.3% for a ratio of 5:1, and 69.9% for a ratio of 10:1 this shows that the higher the ration the higher the yield. Next, for dislodging ration of 20:1, the adsorption ratio was varied. The results shows that for a adsorption ratio of 3:1, a yield of 66.7% was obtained; for ration of 5:1 a yield of 74.8 and for ratio 10:1, a yield of 82.9%.This also shows that the yield increase with adsorption ratio (Table3).
Comparison of the Properties of Recycled, Fresh and Spent Oil
Moreover, the results of the test carried out on the recycled oil shows that the specific gravity, pour point, flash point and viscosity of the recycled oil are all lower than those of the fresh oil and spent oil (Table 5) . Table 6 contains the comparism of the properties of Recycled oil, fresh oil and spent oil in terms of Specific gravity, API gravity, Pour point, Flash point and Viscosity. While the Recycled oil had the least specific gravity of 0.865, Fresh oil had 0.897 with spent oil having the highest specific gravity of 0.901. In terms of API gravity, Recycled oil had the highest value amongst the three types of oil compared. The pour point is the temperature below which oil cannot flow and the fresh oil had 21 o C which is an indication that it has the highest pour point. In the case of the flash point and viscosity index, the spent oil had the highest values as compared to the other two types of oil. This shows that the spent oil can ignite faster/better and is more viscous.
The work by Bobmanuel (1994) on the spent engine oil recycling, using activated sands as filtering media, gave a value of specific gravity. Flash point and viscosity much higher than the value obtained here. This may be to the fact that only physical separation methods were used to determine chemical properties. It was also reported that there was no appreciable color change in the recycled oil. A very good improvement in color is obtained using desludging/adsorption operation in recycling the oil.
The work show that a higher proportion of good oil can still be recovered from the numerous gallons of "useless waste" engine oil being thrown away everyday in this country. Regeneration will not only prove economically profitable, Ogbonna, (2004) but will also reduce disposal of waste oils into drainage gutters and sewages. However, the spent engine oil thus recycled has combustion characteristics such as low flash and pour points.
CO CLUSIO
The effect of dislodging and adsorption ratio was studied on the recovery of low pour fuel oil (LPFO) from spent engine oil. The results shows that the efficiency of the recycling operation depends on the reagent ratios used i.e on the dislodging and adsorption ratios. It was noted that the yield increase with increase in these ratios. A maximum yield of 82.9% was obtained with a desludging ration of 20:1 and absorption ration of 10:1.
The characterization of the fresh, and recycled oils shows that the specific gravity, API gravity, pour point of spent oil shows varied values. Specific gravity of 0.897,0.901 and 0.865; pour point of 21, and 16 0 ; flash, point of 182, 185 and 152 0 C; and viscosity index of 98.00, 111.40 and 94.60; were obtained for fresh, spend and respectively. Recycled oils could be used as a combustion fuel in cement kilns, since the recycled oil has good combustion characteristic such as low flash and pour points.
